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Abstract 

Experiments are perfomied in choked circular hot and cold nitrogenjets is suing froma 2.44 cm diameter sharp -edged orifice 
at a fully expandedjet Mach number of 1.85 in an effort to investigate the character of screechphenomenon. The stagnation 
temperature ofthecoldandthehot jets are 299Kand319Krespectively. The axial distribution ofthe centerline Mach 
number was obtained with a pitot tube, while the screech data (frequency and amplitude) at different radial and axial stations 
were obtain ed with theaid of microphones. Theresults reveal the existenceof fundamental and subharmonic screech. For 
the fundamental, increased screech amplitude and frequency are noticed forthe hot jet relative to the cold jet. Forthe 
subhaimonic, reduced screech amplitude and an increased screech frequency are observed for the hot jet relative to the cold 
jet. It is concluded that temperature effects on the screech amplitude and frequency are manifested with regard to the 
fundamental and the subharmonic even at relatively small temperature range considered. 
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1. Introduction 

Supersonic jet screech represents an important consideration as theintensity (as high as 170 to 180 dB) in the nearfield 
with a s ignificant upstreamdirectivity can induce fatigue and cause s tructural damage to aircraft and launch vehicles [1 - 
3]. The fundamentalphysics of screech was uncovered by Powell [4-5], who identified the mechanismof supersonic jet 
screech in terms of a resonant feedback loop. Several others followed it up with more details. For a detailed review of jet 
screech, see Raman [6]. 

It is generally believedthatthescreech tones are generatedby the interaction between instab ility waves (vortices) 
developed fromthe nozzle lip area and the shock-cellstructures [2]. It was recently shown that [7] that screech noise 
amplification is manifestedby theinteractionofshock-cellstructures with acoustics waves. The existing data on the 
screech noise, which are primarily limited to convergent-divergent and choked nozzles, suggest that uncertainties persist 
concerning the nature of the temperature effects on the fundamental and higher hannonics [8]. 

To the author's knowledges creech data fromchoked jets issuing froma sharp -edged orifice are relatively scarce. 
Such important practical applications typically arise in purge systems, where the screech fromthe purged jet can induce 
fatigue on neighboring electro-mechanical components. Some ofthe experimental works reported on the tonalnoise 
from orifices are thoseof Anderson [9], Chanaud and Powell [10] and Succi [11]. In a somewhat related work, Ingard 
and Singhal [12] investigated theresonance of an open-ended duct. Themajority of studies were concerned with screech 
frequency, and screech amplitude appears to be considered only by Succi [11], but this is only for a parallel orifice plate 
configuration. 

The objective ofthepresent work is to report measurements of screech frequency and amplitude fora cold and a hot 
jet issuingfromasharp-edgeorifice at thesame frilly expanded jet Mach number. This work is based on the author’s 
recent presentation [13], where preliminary interpretations of screech data for nitrogenjets froma shaip-edged orifice aie 
recorded. 

2. Experimental Setup 

A schematic of the configuration is presented in Figure 1. Nitrogen flows froma long aluminium tube of 3.81 cm 
diameter through a sharp-edged orifice of 2.44 cm diameter. Table 1 identifies the flow parameters ofthe system. 
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The total pres sure />,.is 0.65 MPa. The total temperature T r for the hot jet and the cold jet are 319.4 Kand 299 K 
respectively. The jet static pressure ratio (jet existpressureto ambient pressure) is 3.18, and the ambient temperature 
T a is 299 K. The fully expanded jet Machnumberis 1.85. The jet exit Mach number M d is 1.05. The jet Reynolds 
number (based on jet diameterjis about 2.5xl0 6 . Static pressure andtotalpressure are measuredby pitot tubes, and 
the acoustic pressure is measured by B&K Model 41 89 microphones with a frequency range of 6.3 to 20 kHz. Both 
axial andradialtraversinginthejet is carried out. The three microphone locations are denoted by LI, L2, and L3. 
The local Mach number can be calculated using Rayleigh’s pitot tube fonnula [14]. 


3. Results 
3.1. Jet Flowfield 


Figure 2 displays the variation of the measuredjet centre -line Mach number for the hot jet. The center-line Mach 
numberdisplays the characteristic oscillations ofthe underexpanded jet on accountofthe presence ofthe shock cell 
structures. Mach number os dilations seem to be absent beyond about 10 jet diameters. The maximum center-line 
Mach numberis about 1.78 occurring near the first shock cell. The magnitude of the measured Mach number is 
close to the theoretical fully expanded jet Mach number of 1.85, as is to be expected. 

It is evident fromthe Mach number oscillations that the shockcell spacingis nearly uniform. From the data of 
Harper-Bourne and Fisher [15], the shock-cell spacing 5 may be taken as roughly uniform and given by 

s/d& 1.25/3 (la) 

where d is the orifice diameter, the pressure ratio parameter P is defined by 

P = ^m)-\ (ib) 

where M refers to the fully expanded jet Mach number. 

Eq. (1) thus suggests a value of s/d = 1.95 or s = 4.73 cm The measured shock-cell spacing is in close 
agreement with the data of Harper-Bourne and Fisher [15]. It is generally known that the strongest interaction 
usually occurs at the third through the fifth shockcell [7], the highest pressure amplification occurring at the first 
shock cell. 

The pres sure dataandinfrared photographs suggest a jet spread of about 7 deg. The jet shear layer growth is 
small compared with the incompressible case (12 degrees nominal) is primarily due to the effects of compressibility 
(Mach number effect) [16-18]. It is known that the shear layer growth rate decreases with Mach number and 
increases with jet temperature. Preliminaiy calculations showthatat a fully expanded jet Machnumber( 1.85 in the 
present case) the jet growth rate is about 60% of that for the incompressible case. 


3.2. Narrowband Acoustic Spectra 

Figure 3 illustrates the narrow band spectral sound pressure level for the hot and the cold jet at an axial station of 
48.3 cm from the jet exit, and at two radial locations (17.8 cm and 45.7 cm). These locations correspond to 
microphones LI andL2respectively.Figure.4indicatesthenarrowbandspectralsoundpressure levelforthe hot 
and the cold jet at an axial station of 78. 7 cm from the jet exit, and at a radial location of 40.6 cm (microphone L3). 
These data for the free jets reveal the presence of screech, and include the overall sound pressure level (OASPL). 

As noticed fromFigure 3, the OASPL is found to be 133 dB and 126 dB respectively for stations LI and L2 
respectively. The narrow band spectra for the cold and the hot jets at both these locations are close to each other, 
thus leading to OASPL that is nearly the same for both the cold and the hot jets. 

Referring to Figure 4, the OASPLat station L3 is found to be 136 dB and 133 dB for the hot jet and the cold 
jet respectively. This deviation in OASPL is evident fromthe difference in the narrowband spectrum for the cold 
and the hot jet, particularly at low and high frequencies. 
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The narrowband spectra forthecold and thehotjets reveal the existence ofa fundamental screech as well as a 
strong subharmonic screech. 

Table 2. presents a summary ofthemeasuredscreechffequenciesandamplitudesofthe subharmonic and 
the fundamental tones forboth the cold and the hotjets at thethreemicrophonelocations. The subscript 5 refers to 
subharmonic. The measurements suggest that the fundamental screech amplitude and frequency for the hot jet are 
slightly increased relative to thecoldjet. With regard to the subharmonic, the hot jet is generally characterized by 
decreased screech amplitude and an increased frequency compared with the cold jet. 

3.3. Screech Frequency 

Predictions are made forthe fundamental screech frequency based on the following well-known correlation 
proposed by Tamet al. for convergent and convergent -divergent nozzles [19]: 


In the preceding equation, St is the Strouhalnumber, u . is the fully expandedjet velocity, M ■ is the fully expanded 

jet Mach number (1.85 in ourpresentcase), M d is the design (exit) Mach number (1.05 in ourpresentcase), T r the 
reservoirtemperature, T a the ambienUempcrature, y the is en tropic exponent, and dj the effective jet diameter (or 
the fully expandedjet diameter). The effective (fully expanded) jet diameteris evaluated fromthe relation [19]: 


where d is the jet exit diameter. The preceding expression forthe screech frequency is in excellent agreement with 
experimental data forconvergent and convergent-divergent nozzles over a wide range of fully expanded jet Mach 
nunbeis . Eq. (2) suggests that the screech frequency is not strongly dependent on the jet temperature. 

The predicted screech frequency of the fundamental fromthe foregoing correlation is found to be 3.62 kHz for 
the cold jet ( T r /T a =1 ), which is compared with the measured value of 3.5 kHz (Table 2). The corresponding 
predicted fundamental screech frequency for the hot jet ( T r /T a = 1.067 ) is found to be 3.69 kHz, which compares 
with the measured value of 3.77 kHz. The measured andpredicted fundamental screech frequencies for the hot jet 
are seen to slightly exceed that forthe cold jet. 

The results suggest the existence ofsubhannonic screech in both thecold and the hotjets with a frequency of 
about 1.6 kHz. Such subhannonic screech tones have been well-known in jets discharging fromaxisymmetric 
nozzles both from numerical and experimental work [20-22]. Subharmonics were also recently predicted by the 
Tolstykh and Shirobokov[23],who considered 2-Djet screech with the aid of a highly accurate multi-operators- 
based compact differencing scheme. 

The fundamentalmechanismforthegenerationofsubhannonic screech in convergent -divergent is generally 
believed to be due to the formation of vortex pairing at the nozzle exit [22-24], It is plausible that similar 
mechanismmay be responsible forthe subhannonic screech for the jet issuing froma sharp -edged orifice. 

3.4. Screech Amplitude 

The measured amplitudes suggest the existence of relatively strong subharmonics. The subhannonic screech 
amplitude is of comparable magnitude in relation to the fundamental, and thus it is important to characterize the 
subhannonic and take it into accountconceming the system design. To the author’s knowledge, screech data for the 
subhannonic amplitude andits directivity is presently lacking in the literature insofar as jets issuing from sharp - 



( 2 a) 


d 



(2b) 
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edged orifices are concern ed.Thesubhannonicsalsoappeartopossessupstreamdirectivity, see Loh and Hultgren 

[ 22 ]. 

It should be pointed out that a more comprehensive experimental investigation covering a wider range of jet 
temperature, Mach numbers and jet angles (directionality effect) is outside the scope ofthe present investigation. 

4. Conclusions 

The present experiments on choked circular jets emanating from a sharp -edged orifice reveal the existence of 
subhannonic tones along with the fundamental forboththecold andthehotjets, withnohigherhannonics present. With 
regard to the screech amp litudes, the fundamental s creech amplitude for the hotjet is generally s omewhat larger relative 
to thecold jet, while thesubhannonic amp litude forthehotjetis lowercompared with the cold jet. The subhannonic 
screech amp litude is generally of comparable magnitude with respectto the fundamental forboth the cold and the hot 
jets. Theexis ting fonnulation proposed forconvergentorconvergent/divergentnozzles concerning screech frequency 
appears to be reasonably applicable to the conditions of screech fromjets issuing from sharp-edged orifices. 
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Table 1. Test conditions. 


Parameter 

Value 

Orifice exit diameter, d (cm) 

2.44 

Total pressure, p r (MPa) 

0.65 

Totaltemperature, T r (cold jet/hot jet; K) 

299/319 

Jet static pressure ratio 

3.18 

Jet exit Mach number, M d 

1.05 

Fully expanded jet Mach number, M ; 

1.85 

Jet Reynolds number, Rc ; 

2.5x10° 


Table 2. Summary of the screech frequencies and excess screech amplitudes. 


Station 

Co Id jet 
(subhannonic) 

Co Id jet 
(fundamental) 

Hotjet 

(subharmonic) 

Hotjet 

(fundamental) 


/.(kHz) 

SPL s (dB) 

/, 

SPL 

fs 

SPL s 

/, 

SPL 

LI 

1.525 

9.5 

3.500 

8 

1.640 

8 

3.770 

9 

12 

1.525 

5 

3.500 

8.5 

1.640 

4.5 

3.770 

10 

L3 

1.525 

8 

3.500 

9 

1.640 

6 

3.770 

9.5 
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Figure 2. Distribution of jet center-line Mach number for the hot jet. 
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Figure 3. Narrowband acoustic spectrum for cold and hot jets for microphones 1 and 2. 


1 lot Jet (48.3 cm axial, 1 7.8 cm radial; OASPL = 1 33 dB ) 


Hot jet (48.3 cm axial, 45.7 cm radial; OASPL = 126 dB) 

Cold jet (48.3 cm axial; 17.8 cm radial; OASPL = 133 dB) 

Cold jet (48.3 cm axial; 45.7 cm radial; OASPL = 126 dB) 
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Figure 4. Narrowband acoustic spectrum for cold and hot jets for microphone 3. 
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